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Kpadfication 
Tlttiitiflurc&tiAa 

Fuel Supply Control Vaitehte Cylinder System 

l!^UnH.iyco.i.roltyp.v.riablc.7Hndorsyet«n«6r^^^^^ 
i,pIy«^riav^cy.ind«con.».ct««Uth«re.^^ 
Ziplycffuelu,«pcdf«dgroupofcylind.»fr«a.thcf^U^^^^ 
eo»SI4a«Ww.yc«t«.y..n..««ro.>««a»e«or,oc«^^ 

of 46tl»e«-w.y«».ly»tiD*e u«iedpo»»g.; »nd«, .Jr-fticl nuio conno! cu«mm which the tol 
5««,y nieorion^I .bove ten»ln«es .b,i-off opot-noa wh.a the icmpcr«u« detection mc-m 

conuoU the fu^l «.pply dsn- in »«ch a n««..t »o « ,0 xn-te «r-fu.l n«io ba.«me equ-l to th. 

2 Thefu«Uuwlyu..«roltypcvoriabtoeyUirf«*y.temdc5cribedlnd^^ l.aomquctearureof wh«:b 

U,haithei«n.peran«cdetccaoan«a«ttn.exuiu.-dAovcttprt«n^ 

by Oriectfflg that o«» ponion of .«id fiiel supply U .ta^ 

sensor is bis^ ' specified vahio. 

UetofledExptonatloaoflhcIiiTWitlon 

This invcutk>nconccn»afuel*upplycuntn,l type voiiablecytolc^ 

way*atalysthitlitexhau«tsy,temtofccdbaclt.controlihftmr^lritt05ln^^^ 

depadBttenofti»e»ha..s.enu««meontioloptr«ioniv^^ 
whenewrthct«aly«teDiperatuw decreases. 

neticrally speeJcing, enslne flirt ecouomy tends to mprove whr.i) UieenKjac is operaad under » heavy 
loedoondition. This ts.here».unthc vmabto cylinder engi.« concept woe devetopoJ fiormuItt.cylind.r 
engiDWtnsu>p.1«1uel«PplytooaaBiotipof.b«cyIiiid«ui«leraUghiP.^^^^^^ 
tomipereachofthorMnauringcyHndeiicaabemcieMod leading to im^^ 

loadcoudttious. 

on the other hand. f™m die stawlpoint of .xhau««miiiion control Bieasunt.. there fa a weU toowti 
lysirart in whicb a thiM-way catalyst 1» inkinllcd in the engine exnauKi system, upstream of wtach 
cxhawt sensor (oxygen semoO !i insuOlcd. In thi. «yst«n. the air-tMel ratio U teedbackHwiUroUed to 
baconu apptw»lmaicly equal to the »toichloni»ric vJue baKd on the output of this oxhaust senwr in 
Older to achieve highofflcieDcy oxidaiii.n of IIC and CO eoncurtemty wlthreduction of NOx. 

When thit aiJ.ft»l ratio oootiol system is employed wiOi- variable cyUnder angiiw. whcnacylinder 



°rg«^f the cyliud.™ that or. acdve « svcU « in th. »er,-i cxl»a»t p««age u» wh.ch ft^ 

g„ ^:„.imatclycqua,tothe«oich««u.txicvdue. Inthi.n.»n«r.thc,y5.emcaa«*.ievc»oodfy..l 

cylinder opwadon lasis a loog .imc Th* exluu.. temperatur. t««ls la becomo low under il«c 
L,ea,.f4Jlu«0Tmal««iv«dc»di,icmrc,altlw 

e^usi.n,iss5oacontrolp«fenn««.1bbphc»»»«ion«od,r«oc^ 

to otder to ellnriaa^ th« type of problem, there h» ve been m«su«s such a, .««dlmg temperature 
se^r«intbetluc..w«r«tah^iatba.xh«.npas»fc,. Whenever th^ctcm^ 
decip^c bcataly«tcfflper«na. Wow ..pcrifiwl voJu.. fb* variable cylmdor «»i«ol .ys.«« mode » 
h«etruptedte«to»«hefUncylina«mo<leand«xpedU«uquickmcre«emcmly^ 

„««;ure,howe.v«r. requ«, ,pccialt.mperMui« »e..sot3 uod. mevUubly. leHds toc«tcs«latlot. 
T*ereisa..o.bcr«n6«5urcinwUchalow.ng«,cmpe«turecoadina..»dcKc.«tbythe 

temperoture^dintetn^^tingthev^riabkcylindcr^^^^^ 

s..>ve the ptobtem When tbr. M cylinder op««ion U lasuiocd. and tends to tower engine response 

ehfirofiteristta. 

Moi«.v«.. b the «ir-fuel »tio feedbacV coutral system memloned above, smilar to tbt ^^Kf 
catalyst, .be output chexacteiis.U^ of the oxygen sen»o« lend to fluetuat* and dev«re from the 
p,gportk>nali«ywi*t«pecttofteowncoi«eotrmi..nwhenitstetBpefature:*^ 

ioipalnneiiirtf the feedback control accumcy. 

Inorderto address this piobtom.».«>imlprocedo.««to--c.Un,p"ihc feedback 
«i,-fuel ratio atafixPilvaluB so th«ft«dbDckeoiiirolor.hea5r.|ucl ratio cMibei«i.p«^ 
«mentbeteu4-f«Mte»timo»wlltomtbeouipiirorU»oxy8cn9eu6orbdetenuin^ 

''1Sedonsuchb»rJ«n>umLUiisiitwntiohisdesifinedtoa>.*urethccx^ 

3 



bvearion U to iimoduce a fud JiTPly 1^ 



6xpiai2>6cl above. 

3pip..6.bc»wccncxi«u«plpesfea«l6b.wbiUlOU^^^^^^^ 

«tpt.^a ^lecdoa .clay, U,*i« pert.- the .wUcMng -^^^^^^l ^^^^^^ 
d^l Wi, ccmpri^d of a cou.i»n«or. 13, which e«np««s th. 3c«ar c«p«. wlh the comp^msoa 

oxygcu sensor 10; and a cla»p circuit. 20, wtocb damp (»t» the .>r fli.1 rado fcalhack valve at a 
^ valve i,;»p.xtivc7a» outputs of oxygeu ««on 8 or 10) *e feedback contxol vdue by 

„rafullyapcn««tpuiandcbeft,d^5ip^atlt*ttn«ofd««=l.naionf 

AtuelW««i<n»«''«~lckeukffiGUiicute),13.del«ini»e,theu«^ 
alr-fuelraticoawlsigadftamafr^ln-iucanw^ «^ ^ow-a^ 

5«-lrp«5«5or2i.Aia«»,gh.h.„utpatof.heEGIcircuh»^ 
- 2f rt U applkd to other fuel ii^cetion vaWes 3a - 3c .Urough a vanablB cyl^^ 

ciLi.heZf.0. Id Wh««Ughtlo.d~nditioaUdc.eo«dbytto 

ft.di.««tioavdves2a-2ci.il»rairn.ald«*^»fl^Ou.Kih*.Atd«^ 

d«i^d «ucb tb^u ,«l«.ion relay 1 1 » switched to tbe side of oxygen ,en.or 8. wh«h la cxelusivly 

pLv^dro.acdv«c^Und«f4.<«bytl^sanx,ir«^R.oera,edby,heVCSc^^ 
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15;o^ie«io.v*W«2a-.icduriogUghtlo^c«na^^^^ 

wide. se«iua <lcvic«. 24 «ul 23. 0.. output .he puUe s.t.ng value, ^^^J^ 
^^Ipouding to heavy and Ught lead c«.uliuoos a. comparison ^ZL 

a« cifCMil » conflgu"- ^ucl^ di« the p«tUl cylinder deoctivoticn co^l tr«a VCS c«cu« 16 . 

eoaMlledwIienthcteinperanutofoxygeBscusoraSMidlOUlow. ^A^,;„iM«:„„ 

T«.rhec^ioa<.U>Ui«««ninn«cxpUincdFi..3«bow.«^^^^ 

puUe *idfl. (W) ar. to ihe 6^li«to opmflon «gioa T„ thfa condition, a* exp^^ 

T^o/mp'flop30i..a»VCScirc«iti6becoa«."U-««lcyl^^^^ 

LivtaEriieoaq,mof-OR"cireui.3l.whkh,s-T'toperfai».he,vr,.d«BBac^ 

r^eoLorIJwblchdct.i.thoexh«,t,«,*^^ 
3 iT^ 0^u.f co„p«ator 13. Whkha,.p«. 

Zl!;.,..b«i7^uccorre^ndil,f«,.hc.tck^^^^^ 

devu.. U.i.fedbocktoEGIcin:ait 15thr«i,hclampclKaU?.ftafterU<k^ 

raX.Xthccn,u.een«„.h.UgU.oadcondirion,causingp.i.»cwidtb(W)and^^ 
u.shifttotbc3-cyU=d*rregio.indica.edinF«.3,theou.put.-vc.offl^^ 

opcrttm^condiaonofcylmdenn Ob«on«.toar.rivc.Atthi».«^^ 

o«pi««*e«giBi*V' indicating ttoioxygeusensorlOisnotutatemFTaiaitbclow the sp^^ 

,h«;>uq,ut of "OR" circuit 31 bea.nu» 'W' closing the s«e o." -AMD" ciicuit 32. same t«ne. 
,electton relay U U de<,«rgized by the output •fT of "OR" circuit 31. aad is .wuched over to th. 
0Kysen«,»»r8«de as 5ndie«cdinFlg.2«»th«.l«..y3tem is controlled iusu^haway 

c«aly*i 7 m the active cylinder group side consisting ot cyllndets U can exhibtt higb C0Bve«««i 

efficiency. . ♦ • 

When this panial cylinder operatiottCondlUonco«ui»«.s for « lonp tJiae.ord«nue the eaguw wainag- 
«pp^*U.hcexhaust goet.inpet«u»en.eringd»catdy5t decreases. Tfdietcin^^ 
tbaiciiinlyKy aadownsewi., I0c«ai» toi.«er function pi.Mperlyaow t»^ 
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a.e.evd"l"si^altoforca.hcf««lbadc,«ualtP«..-thcM^^^^ 

. iJZl b thU «... .he octroi .ccu..y bccoa*. slightly t^t^ 

Sot feed»«ck control, re«Udo« i. the d»auoa that .be function ot ^-ay c«alyst9 - 
b^.rneJcgradcd.ln«der.o^thi,conditton»s,uickly«po«iW^^ 

opoatioa Toconv>y«i«bth»te<ruiemeK.toU^ 
«tout»'m"ciic«il31.om.te«yli«to«fl»Q«Uvew!«™^^^^ 

(level sisnal) output, reganHess of the output levd of ffip-flop 30. A* a r«alt of thK totced 
T^storationoffuU cylinder opemtioawhw the «Lau,t tcinpetaaire increases erwtoaBy to xes.«« the 
f„x«tionofthr«-wayc«iay«.7«dlO^*W»l»8«il*-^^ 
duingthUi«mrf.tl»sy«cn.Ur»hch«lh«ktothe3-€yU^ 

signal is Tisvracted. , . 

Ne.t. tbeopcrationofVCS chcdt 16u biiefly described hc«. Since th. outpatot Ki» ««|^;\- 
di«etlyapplied.ofedJqjecti«mvolv«2d.2ff.«cylindcr.f4.»,a.ecyl^^ 
i,alway,ia.l«.cd«».tf..Aia«m8ho.te«yimd«.fl-Omcintbe«cxlve«^^^ AND^ 
cu,-uit32 gate is ap«.ttey aiKuuietbeiatetive state ^vben theouq.ttt lavel of fhp^^ 

and low tomporwuie dr.tector 17 is not genemirg the detection signal (output of -D"), Inod»r words 

Wh.nth«d«eaiousi8nali80tttpm,cyli..d«sfl-t3t«ai».hew*ivc«8teov« 

mp.tlop«'W'Moi«v«,th.outp.«1e»elof flip-flop30b«a>tn«-T' When pulse w,d^ 

m«ndu.*taad«d(W^orwheu.pTn(N)falowerih«nite5tand^irdvalw 

Fig 3).«ulUbecon«««W'whcnpals.width(V(0becgmwlowerth««tbestimdard(W^)^ 

b.«o«nhlgb«d.antbestttd««i(No)(tte3<yliirf«ri.gioninPl^ 

nip^,.'»0isconneet«lto-m"chcuit28,«ndthe-'i»s«rinpntc^ 

-AND-circuit 29,the iegiouindie«tcdby'1n*intam»hosamc aumbet of cyH«l«is"inF.$. 3 isfbrmed. 

AS explained hI^tc. «ecor«»8 to this mvottfitm. U is possibl* to always maintain a high i^atalyuc 
eoBvmton«fficicncyofthelhii«-wayc»u.1yst since lb. vailabl«cyiinderc 
oxyBensensorfaatthetetnpetatureeoiiditionundMWhfchitA^ 

opeRUionisinaimaiDed«venundettl» Ufito Io«l condition to achieve a rapid .«mpefanue increase in the 
enteiing exhaust gas to lestxwe (h. tbiw-way catalyst function. CoM>pated with the lystem m which 
variabfe cylinder control U perfonued by detecting engtoecoolaut tcmpcranire. since i« tWs mvenboa 
VMiableeyhndereoiiitolfe peifenacdbydetecttogthe Invrtemperawre eondliion of the oxygen sensor 
that is sensitive (o mmpentfute change, it Is possible to obtain accurate r.,mt«ls bavins good t«pa.«c 
charactBiisitts. Another effect u that the system confifuratlon is iH.t compUcated and is te« expensiVB. 
RricfExplanatioii of Flgvns 

tHefigwesshowowswoikingexanipteefthisbventioB. Figure iTs a simplified eontigarationdiagr-.n 
of lbs overall systeia. fig. 2 te a block diasram of the eomrol system, and Fifr 3 explain the vanabk 
cylinder control puicni. 
f 1 - f6- • . Cyliadcw 
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l^. . . Fuel Injection Cmiirol Circuit 
16... Variable Cylkdcr Control Circuit 
17. . Ijow Temperature I>etpi:tor 



AppUcani: Nman Motor Company, Ltd. 

Afieni: P;»tciit Attorney, Mafiayoshi Ooto 

Amrniimest 

Sept. 25, 1979 

To: 

Honor;ilile H. Kawobara, Director General 
Japanese Patent Office 

1. CaseMeniifier 

19"?R Patent No. 86996 

2. TiJ l6 of Invention 

Fuel Supply Control Variable Cylinder System 

3. POity Filing AiBAndmest 

Relauniwhip to Case: PaletK Applii-flnt 

Addwsfi: Muromachi-2. Kanagawa ku,Yokob.ma City, KanagawaPrefpxuirt 

Nome: Nissan Mutor Company, U<1* (399) 

4. ABent 

Address: Third Floor, Ginza 8-10 Bldg. 
Ginza 8 10-8, Chuuo-lai, Tokyo, 104 
Tel; 03-3t4.»4M (Main) 

Name: 055 1 ) PatcW Ationifty, Masayoshi Goto 

5. Date of Aoiondinenl Order: Voliinlaiy 

6. Si^jectof Ajaeodmsnl 

lMm"C:iaiui(sr 

7. DcKmptionof AmetulmettS 

IVClaimCsronpase I (ir2of Specffication^haU be anvswladas follows: 

LA ftid Kupply conuol type variable cylinder system for multl^y Under engines eqmpped with a fu«l 
supply system and a varWblf. cylinder system control circuii that permit partial cyllmier operationby 
sl»xttiMoffihesupi.lyoffiicltoaspeemed8ioupot'eyluuienfro^ 
engine load, compiiaincatte^-tvay catalyst andafcto^^^^ 
the aetivo cylinder grQup;atlii«.wi^ycaldystandasecoii^ 



off ortl. variable cyU«a«3y.tcmciicdin«o..«n=dnbovc;ate^^^^^^ 
dct«tioaincai» ihat the teniperature IS Wow a speun^^^ 



to«te«ioiclii«i.ietricvaln6. K>«^.^hHlmclahn I. a unique rraturtot which 

senior is l«i£herUiano $p«;«fied valne." 
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